ESMO iMMUNO-ONCOLOGY

Annual Congress

GENEVA SWITZERLAND
7-9 DECEMBER 2022

o eJournal of Cancer Immunotherapy Targeting Wilms
..-.f-f'Immunology Tumor Gene WT1 Product

Y oshihiro Oka, Keiko Udaka, Akihiro Tsuboi, OlgaA.
Elisseeva, Hiroyasu Ogawa, Katsuyuki Aozasa, Tadamitsu
Kishimoto and Haruo Sugiyama

J Immunol 2000; 164:1873-1880; ;
doi: 10.4049/jimmunol .164.4.1873
http://www.jimmunol .org/content/164/4/1873

Thisinformation is current as
of August 9, 2022.

References Thisarticle cites 58 articles, 29 of which you can access for free at:
http://www.jimmunol.org/content/164/4/1873.ful l#ref-list-1

Why The JI? Submit online.

» Rapid Reviews! 30 days* from submission to initial decision
* No Triage! Every submission reviewed by practicing scientists
» Fast Publication! 4 weeks from acceptance to publication

*average

Subscription  Information about subscribing to The Journal of Immunology is online at:

http://jimmunol .org/subscription

Permissions  Submit copyright permission requests at:
http://www.aai .org/About/Publications/Jl/copyright.html

Email Alerts Receive free email-alerts when new articles cite this article. Sign up at:
http://jimmunol.org/alerts

The Journal of Immunology is published twice each month by
The American Association of Immunologists, Inc.,

1451 Rockville Pike, Suite 650, Rockville, MD 20852
Copyright © 2000 by The American Association of
Immunologists All rights reserved.

Print ISSN: 0022-1767 Online |SSN: 1550-6606.

2202 ‘6 1snbBny uo 159nB Aq /640" jounwiw ' mmmy/:dny wouy papeojumoq


http://www.jimmunol.org/cgi/adclick/?ad=56819&adclick=true&url=https%3A%2F%2Fwww.esmo.org%2Fmeetings%2Fesmo-immuno-oncology-congress-2022%2Fabstracts%3Futm_source%3DJournal-Immunology%26utm_medium%3Dbanner%26utm_campaign%3DESMO-WW-MKTG-Abstract-ESMOImmun
http://www.jimmunol.org/content/164/4/1873
http://www.jimmunol.org/content/164/4/1873.full#ref-list-1
https://ji.msubmit.net
http://jimmunol.org/subscription
http://www.aai.org/About/Publications/JI/copyright.html
http://jimmunol.org/alerts
http://www.jimmunol.org/
http://www.jimmunol.org/

Cancer Immunotherapy Targeting Wilms’ Tumor Gene WT1
Product®

Yoshihiro Oka,?* Keiko Udaka,?® Akihiro Tsuboi,* Olga A. Elisseeva* Hiroyasu Ogawa,*
Katsuyuki Aozasa," Tadamitsu Kishimoto,m and Haruo Sugiyama®*

The Wilms’ tumor gene WT1 is expressed at high levels not only in acute myelocytic and lymphocytic leukemia and in chronic
myelocytic leukemia but also in various types of solid tumors including lung cancers. To determine whether the WT1 protein can
serve as a target Ag for tumor-specific immunity, three 9-mer WT1 peptides (Db126, Db221, and Db235), which contain H-2D
binding anchor motifs and have a comparatively higher binding affinity for H-2DP molecules, were tested in mice (C57BL/6,
H-2DP) for in vivo induction of CTLs directed against these WT1 peptides. Only one peptide, Db126, with the highest binding
affinity for H-2D P molecules induced vigorous CTL responses. The CTLs specifically lysed not only Db126-pulsed target cells
dependently upon Db126 concentrations but also WT1-expressing tumor cells in an H-2Bestricted manner. The sensitizing
activity to the Db126-specific CTLs was recovered from the cell extract of WT1-expressing tumor cells targeted by the CTLs in
the same retention time as that needed for the synthetic Db126 peptide in RP-HPLC, indicating that the Db126-specific CTLs
recognize the Db126 peptide to kill WT1-expressing target cells. Furthermore, mice immunized with the Db126 peptide rejected
challenges by WT1-expressing tumor cells and survived for a long time with no signs of autoaggression by the CTLs. Thus, the
WT1 protein was identified as a novel tumor Ag. Immunotherapy targeting the WT1 protein should find clinical application for
various types of human cancers. The Journal of Immunology,2000, 164: 1873—-1880.

responsible for Wilms’ tumor, a pediatric renal cancer (1, lon, and breast cancer cell lines, expressed the wild\{ypégene
2). This gene encodes a zinc finger transcription factor(21). Cancer cells of lung cancer patients also expressetvihe
involved in tissue development, in cell proliferation and differen- gene at high levels (21). Growth of WT1-overexpressing tumor
tiation, and in apoptosis, and is categorized as a tumor suppressoells was specifically inhibited by WT1 antisense oligode-
gene (3). The WT1 gene product regulates the expression of vapxynucleotides, thus suggesting a close relationship between WT1§
ious genes either positively or negatively depending upon how ibverexpression and tumorigenesis. These results indicate that they
combines with other regulatory proteins in different types of cells.WT1 gene product could be a promising tumor-specific Ag be- <
Tumor Ags can be categorized into five groups: ubiquitous prodonging to the fourth category of tumor Ags not only for leukemia &
teins such as mutated ras (4) or p53 (5); tumor-specific shared Agsut also for various types of solid tumors including lung cancers.
such as P1A in mice (6) and MAGE in humans (7, 8); differenti- It is well known that tumor-specific CD8CTLs constitute the 7]
ation Ags with a good example of tyrosinase (9); overexpressednost important effectors for antitumor responses and recognize S
tumor Ags such as HER-2/neu (10); and Ags derived from oncopeptides derived from endogenous proteins presented on the ceIIJC>
genic viruses with the best example of the E7 oncoprotein of husurface in association with MHC class | molecules (22). It had €
man papilloma virus 16 (11). been first demonstrated that patients who develop significant graft-
We (12, 13) and others (14-17) have identified high expressiowersus-host disease (GVHDgrade= 2) after allogeneic bone
levels of the wild-typeWT1gene in leukemic cells regardless of marrow transplantation (BMT) have a significantly lower rate of
the type of disease to clarify the essential role of\#fi€1gene in  relapse than patients with either no GVHD or grade 1 GVHD (23).
leukemogenesis. On the basis of accumulated evidence (13, 18Fhe demonstration of such a graft-vs-leukemia effect after alloge-
20), we have proposed that the wild-tyéT1gene performs an neic BMT provides the most convincing clinical evidence for the
oncogenic rather than a tumor suppressor gene function in hemaffectiveness of tumor immunity.
topoietic progenitor cells. Moreover, we found that among 34 solid Peptides that bind to a given MHC class | molecule have been
shown to share common amino acid motifs (24). We (25) and

- N ) others (26) have previously developed a peptide library-based
Departments of *Molecular MedicinéPathology, andClinical Laboratory Science,

Osaka University Medical School, Suita, Osaka, JaSRESTO, JST, and Depart- methOd for predicting MHC class I-binding peptides. MHC'binC_i'
ment of Biophysics, Kyoto University, Sakyo, Kyoto, Japan; d@daka University,  ing scores can be calculated for all of the peptides of eight or nine

Osaka, Japan amino acids in a given protein sequence by using the experimen-
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The present study shows that WT1-derived peptides, Whichkft«_er_S days of the in vitro stimulation, the cells were tested for their killing
were predicted to bind to H-2Dmolecules according to the pep activity.
tide Iibrary-based scoring system of MHC class I-binding peptideSCytotoxicity assay
actually bind to H-2 molecules. Furthermore, one of the WT1 ) B .
peptides induced peptide-specific CTLs as a result of in vivo im-Cytotoxic activity was measured by means &Cr release assay. RMAS

o . . . . . cells were incubated at 26°C overnight, labeled witgr for 1 h, and
munization with the peptide of mice, which then rejected the Chal'pulsed with the WT1 peptides at room temperature for 30 min. Effector

lenges by WT1-expressing tumor cells. cells were then added tox 10* target cells at varying E:T ratios to a final
volume of 200ul in DMEM containing 5% FBS. After brief centrifugation
Materials and Methods at 1000X g, cells were incubated at 37°C for 5 h. Relative cytotoxicity was

calculated as follows from the radioactivity released in the culture super-
natant: % specific lysis= (experimental release spontaneous release)/
Peptides were synthesized manually or with an ABI430A peptide synthe{total release- spontaneous releasg)100. For Db126 peptide-dependent
sizer (Applied Biosystems, Foster City, CA) using Fmoc chemistry. Theylysis assays, 5. of varying concentrations of Db126 peptide dissolved in
were then purified by RP-HPLC with a,gMicrobondasphere column DMEM was added to 5ql of RMAS target cells in DMEM containing
(Waters Japan, Osaka, Japan). Synthesis of the correct peptides was céh5% BSA. After incubation for 30 min at room temperature, Db126-spe-
firmed with the aid of an API IIIE triple quadrupole mass spectrometercific CTL lines were added at an E:T ratio of 4:1.

(Sciex, Thornhill, Toronto, Canada), and concentrations of the peptides .= . .

were determined by means of a MicroBCA assay (Pierce, Rockford, IL)Purification of endogenously processed WT1 peptides from
using BSA as the standard. Some peptides were also custom synthesiz@dT 1-expressing tumor cells

(Sawady Technology, Tokyo, Japan).

Synthesis of peptides

A total of 1 X 10° FBL3 cells were harvested and acid extracted with 1%
Cells and Abs trifluoroacetic acid. The Centricon 10 (Amicon, Beverly, MA)-passed frac-
) ) L ) ) .. tion was loaded onto a Nova Pak{RP-HPLC column (4.6 mnx 15 cm;
FBL3 is a Friend leukemia virus-induced erythroleukem!a cell line origi- Millipore and Waters Japan) and eluted at 1 ml/min with a shallow ace-
nated from C57BL/6 (H-2B), and was generously provided by Dr. B. tonjtrile gradient. One-minute fractions were collected and dried by Speed
Chesebro (National Institutes of Health, Bethesda, MD) via Dr. M. yac. An aliquot equivalent to X 10° FBL3 cells of the HPLC fractions
Miyazawa (Kinki University, Japan). C1498 and EL4 are a WT1-nonex-\yas added to the wells of tfaCr release assay, each of which contained

pressing leukemia or lymphoma cell line of C57BL/6 origin, respectively, 1 x 10 target cells for screening of the peptides recognized by CTLs.
and was obtained from American Type Culture Collection (ATCC, Rock-

ville, MD). RMA is a Rauscher leukemia virus-induced lymphoma cell |In vivo tumor challenges

line, and RMAS is a TAP-deficient subline of RMA (27). These cell lines ) ) o

were kindly provided by Dr. K. Karre (Karolinska Institute, Sweden) C57BL/6 male mice were used to avoid male Ag (H-Y)-specific immune

through Dr. H.-G. Rammensee (University of Tiibingen, Germany) andresponses because the sex of C57BL/6 mice from which the FBL3 tumor

maintained in DMEM containing 5% FBS. P815 is a mastocytoma origi- cell line originated was not known. The inoculated dose of the tumor cells

nated from DBA/2 mice (ATCC). YAC-1 cells that were used as target Was determined by preliminary experiments and a lethal dose for nonim-

cells for NK activity were obtained from ATCC. Murine WT1-expressing mune mice was used. To determine the effects of immunization, five to

C1498-mWT1 and EL4-mWT1 were established by transfection of murine€ight mice from each group were injected i.p. with PBS, LPS-activated

WT1 cDNA (a kind gift from Dr. D. Housman, Massachusetts Institute of Spleen cells alone, or those pulsed witju¥! Db126 peptide in combina-

Technology via Dr. H. Nakagama, National Cancer Center Research Intion with 10 uM of OVAII (30) at 37°C for 2 h. After three weekly im-

stitute, Japan). munizations, 3x 10’ FBL3 leukemia cells were i.p. inoculated into 4—6-
mAbs B22.249 (anti-H-20) a kind gift from Dr. J. Klein, Max Planck ~ Wk-old C57BL/6 mice.

Institute of Biology, Germany) (28), 28.11.5S (anti-H2om ATCC), .

B8.24.3 (anti-H-2R from ATCC), 28.13.3S (anti-H-2K a kind gift from  Histology

Dr. D. Sachs, Massachusetts General Hospital), and MA143 (antiHa2L.  The main organs, including kidney and lung, were removed from the sur-

kind gift from Dr. J. H. Stimpfling, McLaughlin Research Institute) were ying Db126-immunized mice that had rejected the tumor challenges and

prepared as ascites and purified by DE52 anion exchange chromatographyeq in Bouin's solution. Paraffin sections ofin thickness were stained

(Whatman, Maidstone, U.K.). with hematoxylin and eosin by means of standard methods.
Measurement of binding affinity of WT1 peptides for H22D
molecules Results

o _ Identification of H-23-binding peptides
Binding of WT1 peptides to MHC class | H-ZDnolecules was measured

by a stabilization assay using RMAS cells as described previously (29)Most CTL epitope peptides can be predicted by means of a peptide
Briefly, RMAS cells were incubated at 26°C overnight to accumulate pep-library-based scoring system for MHC class I-binding peptides
tide receptive MHC class | molecules on the cell surface and then mixeq25 26). Amino acid sequences of the murine WT1 protein were

with varying concentrations of WT1 peptides in 120 of DMEM con- . . . - . )
taining 0.25% (w/v) BSA. After incubation for 30 min at room tempera- scanned for peptides with a potential binding capacity for H-2D

ture, the temperature was raised to 37°C and the incubation was continudgolecules, and five peptides Wi_th Cgmparatively hig.h binding
for 1 h. The cells were then washed and stained with FITC-labeled B22.248cores for H-2[3 molecules were identified (Tablg. IAll five of
mAb and analyzed by FACScan (Becton Dickinson, Mountain View, CA). these WT1 peptides with h|gher bmdmg scores also exhibited a
The relative binding affinity ik, values was calculated from the mean relatively higher binding affinity for H-2B molecules. and some
fluorescence intensities as described previously (25). ; LI - .

correlation between binding scores and binding affinky) (was
Induction of WT1 peptide-specific CTLs established, thus indicating the utility of binding scores for finding

WT1 peptide-specific CTL lines were induced in 4-12-wk-old C57BL/6 Peptides which bind to MHC class | molecules. Db126 peptide
mice (H-20¥) by immunization with LPS (fronEscherichia coli055:B5; demonstrated the same order of binding affinity as that of viral
Sigma, St. Louis, MO)-activated spleen cells pulsed with WT1 peptides af\gs (24), which is the strongest Ags for CTL induction. Three
described elsewhere (Kakugawa et 8upmitted for publication). Briefly, peptides (Db126, Db221, and Db235) with anchor motifs for bind-

spleen cells were cultured for 3 days with 1@/ml LPS in 40 ml of . . .
DMEM containing 10% FBS, followed by pulsing withidM WT1 peptide ing to H-20" molecules (24) were actually used for in vivo

and 10uM OVAII peptide (OVA 323-339, as a helper epitope) (30) for immunization.
2 h. The cells were then irradiated with 3000 rad and injected i.p. into mice. . . )
The immunization with LPS-activated spleen cells pulsed with the wT1Induction of CTLs against WT1 peptides

peptides was repeated three times at weekly intervals. After 1 wk from th o . .
third immunization, the spleen was resected from the immunized mice an%_{\/hether specific CTLs against these three WT1 peptides could be

the spleen cells were stimulated in vitro with LPS-activated spleen celisinduced by in vivo immunization with these peptides was exam-
which were pulsed with the WT1 peptide and then irradiated with 3000 radined (Fig. 1). Mice were immunized with LPS-activated spleen
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Table I. Binding of WT1 peptides to H-Dmolecules

Peptide Amino Acid Sequence Binding Score Ky (M)

WT1 peptides

Db126 aa 126-134 RMFPWPYL 1.77 5.7x 1077

Db227 aa 227-235 YQMTSQLEC 1.93 1.0x 107

Db235 aa 235-243 CMTWNQMNL 1.20 1.3x 10°¢

Db221 aa 221-229 YSSDNLYQM 1.05 2.6x 107

Db136 aa 136-144 SCLESQPTI 161 3.7x10°°
Known epitope peptides

SV40 T antigen aa 223-231 CKGVNKEYL 1.85 1.9x 1077

Influenza A34 NP aa 366—-374 ASNENMETM 1.24 1.9x10°7

2Bold letters represent anchor motifs.

cells pulsed with the peptides. The spleen cells of the immunizedrations and to reach a plateau. Half the maximal lysis was ob-
mice were then assayed for cytotoxic activity against peptideserved in the range of nanomolar of the peptide. Lysis by the CTL
pulsed RMAS target cells. WT1 peptide-specific CTLs were in-lines of the RMAS target cells pulsed with naturally occurring
duced by immunization with the Db126 peptide, whereas no CTLsH-2DP-binding peptide influenza A34 NP (Table 1) was not ob
were induced by immunization with the Db221 or Db235 peptide.served (data not shown). These results proved that the cytotoxic
Thus, only the Db126 peptide with the highest binding affinity for activity of the CTL lines was specific for the Db126 peptide.
H-2DP molecules could elicit CTL responses. Therefore, subse )
quent investigation focused on the CTLs against the Db126-YSis Of endogenously WT1-expressing tumor cells by Db126-
peptide. specific CTLs

To confirm that the Db126 peptide-induced CTLs specifically We next investigated whether Db126-specific CTLs could recog-
recognize the Db126 peptide to kill the target cells, three differennize and lyse endogenously WT1-expressing tumor cells. As
CTL lines against the Db126 peptide were assayed for cytotoxishown in Fig. 3, a panel of tumor cell lines was tested for lysis by
activity against RMAS target cells pulsed with increasing concen-Db126-specific CTL lines. Before the tests, specificity of the CTLs
trations of the Db126 peptide (Fig. 2). Their cytotoxic activity was for the Db126 peptide was confirmed by specific lysis of Db126
found to increase in parallel with an increase in peptide concenpeptide-pulsed RMAS target cells (Fig. 3a). The Db126-specific

a. no peptide b. Db126
30 30 r
20 t+ 20
0
2
Q
5 10 10 |+
A0
Q.
w
3
. . - 0 o -
FIGURE 1. Induction of WT1 peptide-specific
CTLs. Mice were immunized with LPS-activated spleen
cells pulsed with WT1 peptides. Spleen cells of mice not 10 . . , 10 ) X ,

immunized with any peptide (a), immunized with )

Db126 (b), Db221 (c), or Db235 (d) were stimulated in 0.1 1 10 100 0.1 1 10 100
vitro with LPS-activated spleen cells not pulsed with
any peptide (a) and with LPS-activated spleen cells
pulsed with Db126 (b), Db221 (c), or Db235 (d). Their

killing activity was tested against RMAS cells pulsed 30 _C' Dbzz1 30 Fd- Db235
(closed symbols) or unpulsed (open symbols) with the
immunized peptides at different E:T ratios. Results from
two mice (circles and triangles) are shown. At least three
independently performed experiments for each peptide 20 20 |
yielded similar results. 9
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80 100

anti-Kb
70 90 A,
8 80 b
"1 - -
g‘ o Q 70 anti-L¢
© = 60
£ w0 g 50
O F I
(JQ')- 30 :/g)- 40
X 2 —e—line #1 2 %0 -
10 —line #2 20 | anti-D
0 —l—line #3 10
-10 0 3 :
1012 o1t 1010 10° 108 107 10% 10° Antibody dilution 10%
Concentration of Db126 (M) FIGURE 4. H-2D-restricted cytotoxic activity of the Db126-specific

FIGURE 2. Db126 peptide-dependent lysis of RMAS cells by Db126- CTL line. Specific lysis of endogenous WT1-expressing FBL3 cells by the
specific CTL lines. Three CTL lines established from individual mice im- Pb126-specific CTL line was tested in the presence of titer adjusted mAbs
munized with the Db126 peptide were tested for cytotoxic activity againstagainst H-2K (28.13.3S), H-2D(28.11.5S), or H-2E (MA143). Isotype-
RMAS cells pulsed with the indicated concentrations of the Db126 peptidenatched mAbs were used as control mAbs.

at an E:T ratio of 4:1. Lysis of RMAS cells without the peptide was 2% for

line #1, 4% for line #2, and 8% for line #3.

v}
target cells for NK activity, the Db126-specific CTLs also lysed g
. . ) . =
CTLs lysed endogenously WT1-expressing FBL3 cells, but not{(he cells. This phenomenon IS reasonable, since I h?‘s be_er_1 We"S
. . nown that CTLs frequently display an NK-like cytolytic activity &
WT1-nonexpressing RMA cells (Fig. b3 Furthermore, the . - o . L
e . . in addition to Ag-specific cytolytic activity (32—34). The Db126- g
Db126-specific CTLs killed murine WT1-transfected C1498 cells o . . =
S . specific CTLs were also 99% positve for CD8 and virtually neg- g
to a significant extent when compared with parental WT1-nonex-". : : o 3
. L ative for NK1.1 (data not shown). Since various NK-activating/
pressing C1498 cells, confirming that the molecule targeted fornh'b'tor receptors are expressed not onlv on NK cells but also on F
killing by the CTLs is indeed the WT1 peptide (Fig)3Similarly, 'CT'LS' beyarin gca 51 X3F’5 26), these re}(’:e ore b;res g
a specific lysis of WT1-nonexpressing EL-4 cells used here (H-5 7 thegl sis ff YAC-1 cells. Taken topether t%ese regults
2D°) was obtained as a result of transfection of the WT1 gene, Y o 9 !
. . suggest that the Db126-specific CTLs can recognize Db126 or re- =.
although the lysis was weak because of low expression of M-2D . . . =
. lated peptides which are naturally produced through intracellular 3
molecules on the EL-4 cells used here (Fid).3VT1-nonexpress- . - 3
. . . . processing of the WT1 protein and are present on H-BDle- =
ing P815 cells with nonidentical H-2 molecules were not lysed byc les in WT1-exoressing cells 3
the CTLs (data not shown). RMAS cells that were common targets uies xp ing ' Py
for lymphokine-activated killer/NK cells (31) were not killed by - cytotoxic activity is H-2 restricted <
the CTLs (Fig. 3a). However, when YAC-1 cells were used as ) . g
Furthermore, to demonstrate that the cytotoxic activity of the CTLs o
is MHC restricted, it was assayed in the presence of Abs againsté
a. b. H-2 class | molecules (Fig. 4). The suppression of cytotoxic ac- o)
70 [ =& RMASno pep o ::g tivity of the CTLs against WT1-expressing FBL3 cells was found 3
2 & RMAS 1000 D126 & to depend upon an increase in the concentration of Abs against(é
= % 50 H-2DP, but Abs against H-2K or H-2L9 did not show any sup q
o 40 40 . . .. ©
E o 0 pressive effect on the cytotoxic activity of the CTLs. These results ~
2 5 2 showed that the CTLs exert their cytotoxic activity in an H22D Q
o o 0 restricted fashion. N
_1: _1; Presence of sensitizing activity to Db126-specific CTLs in cell
0.01 o1 o1 10 o.01 01 1 10 extract of WT1-expressing cells

To confirm that endogenously WT1-expressing tumor cells ex-
press the Db126 peptide on their cell surface through intracellular
processing of the WT1 protein and that Db126-specific CTL lines
70 ;" —A—Cl1a98 70 [ 9 ——FLa recognize this peptide for cell lysis, WT1-expressing FBL3 cells

60 | —&— C1498-muwT1 & —4—EL4-muwT1 . . .
2 0 were lysed and peptide fractions were prepared (Fig. 5). The pep-
X % tide fractions were further fractionated by RP-HPLC, and each
o 40 40 . . s .
£ ol ® fraction was assayed for its sensitizing activity to the Db126-spe-
2 .l 2 cific CTLs. The sensitizing activity was recovered in the same
02 10 L 10 retention time as that needed for the synthetic Db126 peptide. One
0 o additional sensitizing activity peak was detected. Such additional
-10 0 peaks have previously been observed by us and others when nat-
oo e ! to oot o1 e ! 1o urally processed endogenous peptides were prepared from whole-

FIGURE 3. Specific lysis of WT1-expressing tumor cells by the Db126- Ce"_ Iysate. In such cases, some _peaks reprgsented_ the sensitizing
specific CTL line. Specific lysis was tested for Db126-pulsed or -unpulsec?Ctivity of longer peptides harboring the minimal epitope peptide
RMAS cells (a), WT1-expressing (FBL3) or nonexpressing (RMA) tumor (37, 38), a tissue-specific variant peptide (39), or cross-recognized
cells (b), WT1-transfected or -untransfected C1498 cells (c), or WT1-transpeptides bearing similar or unrelated amino acid sequences (40,
fected or -untransfected EL4 cells (d) at the indicated E:T ratios. 41). These results showed that the Db126 peptide targeted by the
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— 80 45
Db126
0.15 [
12}
e Q
g o0 _2 =
« Q =
s 5 g
o :’i <(§
o 2
e
0.05 -
1
L Non-immunized Immunized
o L . . . . . FIGURE 7. No pathological changes of kidney in the immunized mice
25 30 35 40 45 50 55 that rejected tumor challenges. Hematoxylin and eosin staining of the glo-
Fraction Number meruli of the kidney is shown. No pathological changes such as lympho-

FIGURE 5. Recovery of sensitizing activity from acid extract of FBL3 cyte infiltration or tissue destruction and repair are observed.

cells. The acid extract of FBL3 cells was HPLC fractionated, and each
fraction was tested for its sensitizing activity for specific lysis of RMAS g
target cells by the DblZG-specific CTL que. The pr_ofile of optical absor'gradually decreased afterward, and the mice completely rejected§
bance at 220 nm of the eluting peptides is shown in the background. ¢, r challenges and survived. Spontaneous regression was occag
sionally observed in nonimmune mice. This regression is pre- @
Db126-specific CTLs is naturally produced by intracellular pro- su_med to be dl_Je to spontaneous indu_ction of CTLs specific for the 3
cessing of the WT1 protein in WT1-expressing cells. Friend leukemia virus (FBL3 leukemic cells are transformed by 3
this virus), since such CTL induction was not infrequently ob-
Eradication of tumor challenges by preimmunization with the  served in C57BL/6 mice (42).
Db126 peptide

We next investigated whether active immunization with the Db126
peptide elicited in vivo tumor immunity. Mice were immunized o o
once a week for 3 wk with LPS-activated spleen cells pulsed with/VT1 expression in normal adult mice is limited to a few cell types
the Db126 peptide and then inoculated i.p. with a lethal number of? Several tissues. Moreover, WT1 expression levels in these tis- ¢
FBL3 leukemia cells. As shown in Fig. 6, all five mice immunized SU€S aré considerably lower than those in leukemia (13) and solid @
with LPS-activated spleen cells pulsed with Db126 peptide, nondUmor (21) cells, suggesting a low risk of normal tissue damage 35%
of five mice immunized with LPS-activated spleen cells alone, andf 'ésult of immune responses to the WT1 protein. To evaluate the:=
one of eight mice inoculated with PBS were alive after tumor sk of autoaggression by immunization against self-WT1 peptide, §
challenges. A statistical significance < 0.01) was found be- the tissues of immunized mice were pat_hologically examined a_lfew
tween the group immunized with the WT1 peptide and the groud"’eeks aftgr tumor _cells h_ad been eradlcated. The lung and kld_ney3
immunized with LPS-activated spleen cells alone, or the groud’f three mice were |ntenS|V§Iy examined because WT1 was malnly c
inoculated with PBS alone. This experiment was repeated wittfXPressed in the mesothelial cells of the lung capsule and in the g
similar results. In both the immune and nonimmune mice, ascite®0docytes of the kidney glomeruli (Fig. 7). Both tissues showed «©
was observed 3 days after the i.p. inoculation of the tumor cells. jformal structure and cellularity in all three mice examined, and no 3
the nonimmune mice, the ascites continued to increase and tHathological changes caused by immune response, such as lym+3

mice died. On the other hand. in the immune mice. the ascite@hocyte infiltration or tissue destruction and repair, were observed.
These results showed that the CTLs against the Db126 peptide

were ignorant of normal self-cells that express WT1 at physiolog-
ical levels.

No evidence of autoaggressive reactions in surviving mice that
rejected tumor cell challenges

jounwiw I -mmmy/:dny

0.8 Discussion

The rationale for the efficacy of immunotherapy for cancer patients
has been clinically demonstrated by the following findings (23):
patients who develop significant GVHD (grage?2) after alloge-
neic BMT have a significantly lower rate of relapse than patients
with either no GVHD or grade | GVHD; patients who receive T
cell-depleted marrow also have a higher rate of relapse after allo-
geneic BMT than patients who receive unmodified marrow; and
0 w . T . . . w donor lymphocyte infusion is effective for complete remission in-
6 8 10 12 14 . . . . .
Days duction of relapsed leukemia patients after allogeneic BMT. This
FIGURE 6. Rejection of tumor challenges by immunization with graft-_vsjleukgrr_\ia Eﬁe_Ct after allogeneic BMT provides thg most
Db126 peptide. Mice were immunized once a week with LPS-activated®©nvincing clinical evidence for the effectiveness of tumor immu-
spleen cells pulsed with Db126 peptide (solid line), LPS-activated spleerlity for cancer treatment.

cells alone (shaded line), or PBS alone (dashed line). After immunization The search for widely expressed tumor Ags as targets for MHC
for 3 wk, 3 X 10" FBL3 leukemia cells were i.p. injected. class I-restricted CTLs is of great importance for the development

Survival

0.4

0.2
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of T cell-mediated immunotherapy for cancer patients. Reports omyeloid progenitor cell line 32D cI3 (19) and normal myeloid
such tumor Ags have been increasing exponentially in recenprogenitor cells (20), both of which constitutively express WT1 by
years, and the results indicate that these Ags can be categorizélte transfection with th&/T1 gene. Furthermore, it is suggested
into five groups (43, 44). Ags of the first category correspond tothat the wild-typeWT1 gene also has an oncogenic function in
peptides derived from regions of ubiquitous proteins such as muwT1-expressing solid tumors, since tWgT1 gene is overex-
tated ras (4) or p53 (5). Chimeric proteins that result from chro-pressed in various types of solid tumor cells, including lung can-
mosomal translocation are also unique to tumor cells (45, 46). Theers, and since the suppressionVdéT1gene expression by WT1
second group of tumor Ags consists of tumor-specific shared Agantisense oligomers inhibits the growth of solid tumor cells (21).
such as P1A in mice (6) and MAGE in humans (7, 8). The third The loss of tumor-specific Ags followed by the escape from
group of tumor Ags includes differentiation Ags. A good example immune surveillance by CTLs is one of the major obstacles of the
is tyrosinase, a melanocyte protein that gives rise to different pephost's immunological warfare against tumors. Since the WT1 pro-
tides that are presented by either MHC class | or class Il moleculegein plays an essential role in the growth of leukemic and solid
(9)- The fourth group of tumor Ags is made up of overexpressedymor cells, loss of the expression of the WT1 protein, i.e., loss of
tumor Ags. An Ag that is expressed in some normal tissues anghe WT1 Ag, results in cessation of the proliferation of leukemic
overexpressed in tumors is HER-2/neu (10), which is found at highyng solid tumor cells. Thus, immunotherapy directed against the
levels in about 30% of breast and ovarian cancers. The last grougT1 protein would have little risk of escape from immune sur-
of tumor Ags includes Ags derived from oncogenic viruses. Thus,ejllance following loss of the WT1 Ag.

the WT1 protein is thought to be a tumor Ag corresponding to the |t has been well documented that tolerance to self-peptides is

fourth group of tumor Ags. _ induced by deletion of self-reactive T cells in the thymus (48) as
In the murine models of immunotherapy against WT1-expressye|| a5 by deletion or exhaustion of such cells in the periphery

ing tumors described here, surviving mice that rejected tumor chaliygy and that self-reactive T cells which have escaped deletion are
lenges by the immunization of the Db126 peptide did not demony,ctignally anergized or silenced by down-regulation of corecep-
strate obw_ous organ damage.. These r_esu_lts_ demor_lstrate that_ molecules (50, 51). Since WT1 is a self-protein, it is considered
CTLs against the WT1 protein can discriminate differences "Nt become tolerant in classical immunology. However, increasing =

WT1 expression levels between abnormally WT1-overexpressing, igence promoted us to accept that a large quantity of antigenic%

tumor cells and physiologically WT1-expressing normal cells, ré-yqqminants of the self have not induced self-tolerance and thus

§u|t|ng in the killing OT t“f“‘“ gells with no damgge to normgl that a substantial number of self-reactive clones must exist in 2
tissues. As for the application Qflmmgnotherapy with WTL pr(?te.mhealthy individuals and have the potential to elicit immune re-
to human cancers, th_e_ foIonvmg evidence suggests that this Iméponses directed against tumors. These potentially self-reactive T
munotherapy is promising without damage to normal organs. W%ell clones are either anatomically secluded (52) or can be simply
(12, 13) and others (14-17) have demonstrated that the wild-type

. : . ignorant of their targets (53-55). It is probably possible to break
WT1gene is aberrantly overexpressed in almost all leukemia cell . . . )
o L ; olerance especially if the self-proteins are not expressed at suffi-

regardless of type of leukemia: whether it is acute myeloid leuke-

mia, acute lymphoid leukemia, or chronic myeloid leukemia Thecient levels at the time and place of tolerance induction. The WT1 g
WTi expression levels in Ieljkemic cells are at least 10 .time£e_ptides are likely to _be subdominapt self-peptides so that the =
higher than those in normal CD3sematopoietic progenitor cells epitopes are probably ignored by the immune system under phys- =

(13). This striking difference in WT1 expression levels betweeni0|09ical conditions, although CTL precursors responsible for the
WT1 peptides are present.

leukemic cells and normal hematopoietic progenitor cells is the des th dicted he basis of th i
basis for the reasoning that CTLs induced against the WT1 protein WT1 peptides that were predicted on the basis of the peptide

would not cause damage to normal hematopoietic progenitor celldPrary-based scoring system of MHC class I-binding peptides (25,

Furthermore, we have recently reported WT1 expression in 2&6; 29) actually showed comparatively higher binding affinity for
(829%) of 34 various types of solid tumor cell lines, including lung, H-2D” molecules, confirming that this scoring system is useful for «©

gastric, colon, breast, and ovary cancer cell lines. High WT1 exfinding candidates for MHC class I-binding peptides. Dyall et al. N

pression in fresh lung cancer tissues has also been reported (24$6) designed a few artificial variants of MHC class I-binding self- N
Our reports demonstrate that WT1 expression is significantl;Pept'_des . Since these variant peptides are obviously fprelgn to the
higher in cancer cell-rich tissues than in tissues appearing to bBOSt immune system, a strong CTL response can be induced. Un-
normal, confirming the abnormal overexpression of\Wiglgene  like weak T cell responses to self-MHC complexes, CTL responses
not only in cultured tumor cells but also in fresh lung cancer cells [0 variant peptides can be sustained for a longer period without
As mentioned earlier, the striking difference in WT1 expressioncaUSing annihilation of the clones due to insufficient signals for cell
levels between tissues appearing to be normal and cancer cell-righvision or survival (57, 58). Since a substantial fraction of such
tissues is also the basis for the reasoning that CTLs induced against/Ls cross-reacts against nonmutated self-peptides expressed in
WT1 protein would not cause damage to normal lung tissue. ~ tumor cells in much smaller amounts, immunization with variant
TheWT1gene has been categorized as a tumor suppressor geR€ptides may be a more efficient method to induce CTLs against
(3). However, we have proposed that N 1gene has basically tumors. The scoring system for MHC class I-binding peptides
two functional aspects, namely, that of a tumor suppressor gen&hOU|d provide a convenient design of cross-reactive self-mimick-
and that of an oncogene, but that in leukemic cells it performs arng peptides for immunization.
oncogenic rather than a tumor suppressor gene function (18—20). We have recently reported that in vitro stimulation of HLA-
The following findings support our proposal: 1) high expression ofA2.1-positive PBMC with WT1 peptides, Db126, RMFPNAPYL,
wild-type WT1 in almost all leukemic cells (12, 13), 2) an inverse or WH187, SLGEQQYSV, both of which contain anchor motifs
correlation between WT1 expression levels and prognosis (12), 3)eeded for binding to HLA-A2.1 molecules and actually bind to
an increased WT1 expression at relapse compared with that #LA-A2.1 molecules, elicits CTLs against each WT1 peptide (59).
diagnosis in acute leukemia (47), 4) growth inhibition of leukemic The CTLs specifically killed the WT1 peptide-pulsed target cells
cells by WT1 antisense oligomers (18), and 5) blocking of differ-and endogenous WT1-expressing leukemic cells in an HLA-A2.1-
entiation but induction of proliferation in response to G-CSF in restricted fashion. Thus, the WT1 peptide Db126 that was a shared
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sequence between murine and human WT1 protein was immund®
genic for the induction of CTLs in both mice and humans. These
accumulated data obtained from both human and murine settings

suggested a successful clinical application of WT1 protein-di-20.

rected immunotherapy for patients with leukemia and solid tumors.
We are now planning clinical trials of this immunotherapy for
patients with leukemia or lung cancer.
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